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BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

The present invention relates to a crucible, and 

a growth method of polycrystal silicon using the crucible. 

2. DESCRIPTION OF THE RELATED ART: 

Polycrystal silicon, which is used, for example, 
in production of square wafers for solar cells, is grown 
by a cast method in which a solid material silicon is melted 
and then coagulated. The growth of polycrystal silicon 
is typically performed using a crucible shown in Figure 6 . 

A crucible 30 is made of silica (Si0 2 ) , for example. 
The crucible 30 has predetermined inner dimensions and 
thickness and is in the shape of a hollow rectangular 
parallelepiped having an opening at an upper portion 
thereof. The crucible 30 is produced by coating an inner 
surface thereof with silicon nitride followed by baking. 

The thus-constructed crucible 30 is used to grow 
polycrystal silicon. As shown in Figure 6, a solid 
material silicon 20 is loaded into the crucible 30. When 


it is assumed that the crucible 30 has an inner dimension 
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of 70 cm, a thickness of 1.5 cm, and a height of 48 cm, 
about 250 kg of the solid material silicon 20 can be 
loaded into the crucible 30, for example. 
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The crucible 30 in which the material silicon 20 
is loaded is heated in a furnace at about 1420°C, which 
is the melting point of silicon, for about 4 hours. The 
material silicon 20 loaded into the crucible 30 is melted. 
In this case, the material silicon 20 loaded into the 
crucible 30 is all melted as shown in Figure 7, so that 
the height of the material silicon 20 becomes about one 
half of the height of the crucible 30. Thereafter, the 
melted material silicon 20 in the crucible 30 is cooled 
for about 15 hours to be coagulated, thereby obtaining 
a polycrystal silicon ingot 21. 


As described above, the crucible 30 is typically 
in the shape of a rectangular parallelepiped having a 
predetermined inner dimension. Even though the 
20 crucible 30 is filled with the solid material silicon 20, 
since there are a number of interstices within the solid 
material silicon 20, it is not possible to efficiently 
load the material silicon 20 into the crucible 30. 
Therefore, when the material silicon 20 is melted, the 
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volume of the crucible 30 Is reduced so that the height 
of the material silicon 20 becomes only about one half 
of the height of the crucible 30. The coagulated 
polycrystal silicon ingot is formed only to about one half 
5 of the height of the crucible 30. 

For example, as described above, when the 
crucible 30 has an inner dimension of 70 cm, a thickness 
of 1.5 cm, and a height of 48 cm, a polycrystal silicon 
10 ingot having only a height of 24 cm in the shape of a 
i;3| rectangular parallelepiped is obtained. Therefore, in 
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order to provide a polycrystal silicon ingot having a 
predetermined height, a crucible having a depth twice as 

t ► hH*a '■ 
r _ 

i'W great as the height of the ingot is required, 
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The melted material silicon 20 expands when it is 
coagulated. Therefore, in this case, a great stress acts 
on the crucible 30. The crucible 30 is typically made 
of baked silica. When the crucible 30 is subjected to 
20 a high temperature of 1420°C which is the melting point 
of silicon, since silica is crystallized, the strength 
of the crucible 30 is reduced so that cracks are likely 
to occur in the crucible 30. As a result, cracks occur 
in the crucible 30 every time the material silicon 20 is 
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melt and then coagulated, whereby the crucible 30 may 
eventually become unusable, causing an economical 
problem. 
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SUMMARY OF THE INVENTION 
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According to an aspect of the present Invention, 
a crucible used in the growth of polycrystal silicon by 
a cast method comprises a crucible body for, when solid 
10 material silicon is melted, containing the melted 
material silicon, and a material holder provided on the 
crucible body, for holding further material silicon on 
the material silicon loaded into the crucible body. 


'-4 

Qi 15 In one embodiment of this invention, the material 

holder is detachable from the crucible body. 


In one embodiment of this invention, an inner 
space of the material holder for holding the material 
20 silicon is gradually increased toward an upper portion 
of the material holder. 


In one embodiment of this invention, a lower 
portion of the material holder is inserted into and held 
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by an upper portion of the crucible body. 
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In one embodiment of this Invention, a size of the 
crucible body Is designed so that when the material 
5 silicon loaded Into the crucible body and the material 
holder Is melted, an upper surface of the melted material 
silicon Is positioned close to the upper portion of the 
crucible body. 

10 In one embodiment of this Invention, the material 

holder Is made of a material different from that of the 
crucible body. 

In one embodiment of this Invention, the crucible 
15 body Is made of baked silica, and the material holder is 
made of a material containing carbon. 


In one embodiment of this invention, a groove is 
provided at a lower portion of the material holder, the 
20 groove fits an upper portion of the crucible body, the 
material holder is held by fitting the groove to the 
crucible body. 


According to another aspect of the present 



I 


- 6 


01R00473 


invention, a method for growing polycrystal silicon, 
compries the steps of loading a solid material silicon 
into the crucible body and the material holder of the 
above-described crucible, heating the loaded material 
5 silicon so as to be melted, and coagulating the melted 
material silicon in the crucible body. 

Thus, the invention described herein makes 
possible the advantages of providing: a crucible with 
which polycrystal silicon can be efficiently grown and 
which can be used for a long time and is therefore 
economical; and a method for efficiently growing 
polycrystal silicon using the crucible. 

These and other advantages of the present 
invention will become apparent to those skilled in the 
art upon reading and understanding the following detailed 
description with reference to the accompanying figures. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross-sectional view showing a 
crucible according to an example of the present Invention. 
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Figure 2 is a cross-sectional view showing a state 
of the crucible shown in Figure 1 in which a polycrystal 
silicon ingot is formed. 

Figure 3 is a cross-sectional view showing a 
crucible according to another example of the present 
Invention. 

Figure 4 is a cross-sectional view showing a state 
of the crucible shown in Figure 3 in which a polycrystal 
silicon ingot is formed. 

Figure 5 is a cross-sectional view showing a 
crucible according to still another example of the present 
invention. 

Figure 6 is a cross-sectional view showing an 
example of a conventional crucible in a working state. 

Figure 7 is a cross-sectional view showing a state 
of the crucible shown in Figure 6 in which a polycrystal 
silicon ingot is formed. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, the present invention will be 
described by way of illustrative examples with reference 
to the accompanying drawings. 

Figure 1 is a cross-sectional view a crucible 
according to an example of the present Invention, in which 
the crucible is filled with material silicon. A 
crucible 10 of the present invention comprises a crucible 
body 11 in the shape of a hollow rectangular 
parallelepiped having an opening at an upper portion 
thereof, and a material holder 12 provided on the crucible 
body 11 in the shape of an inverted truncated pyramid. 

The crucible body 11 is produced as follows: 
silica (Si0 2 ), for example, is shaped into a rectangular 
parallelepiped having an opening at an upper portion 
thereof and having a predetermined inner dimension, a 
predetermined thickness, and a predetermined height; and 
the inner surface is coated with silicon nitride, followed 
by baking. The crucible body 11 may have an inner 
dimension of 70 cm, a thickness of 1.5 cm, and a height 
of 30 cm, for example. 
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The material holder 12 provided on the crucible 
body 11 Is detachable from the crucible body 11. The 
material holder 12 Is concentrically attached to an upper 
portion of the crucible body 11. The entirety of the 
material holder 12 has substantially a uniform thickness . 
The outer and inner dimensions of the material holder 12 
are gradually increased toward the upper portion thereof. 
The outer dimension of a lower portion of the material 
holder 12 is smaller by 1 to 2 cm than the inner dimension 
of the upper portion of the crucible body 11 so that the 
lower portion of the material holder 12 can be inserted 
into the upper portion of the crucible body 11. 

The material holder 12 is made of a substance 
containing carbon, such as graphite, and has a 
predetermined shape. The material holder 12 is produced 
by coating the inner surface thereof with silicon nitride 
followed by baking. The material holder 12 has an inner 
dimension of 65 cm and a height of 18 cm at the lower 
portion thereof, and an inner dimension of 100 cm and a 
thickness of 1.5 cm at the upper portion thereof, for 


example. 



Referring to Figure 1, when the thus-constructed 
crucible 10 is used to grow polycrystal silicon., the solid 
material silicon 20 is loaded into the crucible body 11 
and the material holder 12 with the material holder 12 
attached to the crucible body 11. In this case, material 
silicon 20 is provided on top of the material silicon 20 
in the crucible body 11. 

When, as described above, the crucible body 11 has 
an inner dimension of 70 cm, a thickness of 1.5 cm, and 
a height of 30 cm, and the material holder 12 has an inner 
dimension of 65 cm and a height of 18 cm at the lower 
portion thereof and an inner dimension of 100 cm and a 
thickness of 1.5 cm at the upper portion thereof, about 
290 kg of the solid material silicon 20 is loaded into 
the crucible body 11 and the material holder 12. 

In this situation, the entire crucible 10 is 

heated in a furnace at about 1420°C, which is the melting 
point of silicon, for about 4 hours, so that all the 
material silicon 20 contained in the crucible 10 is 
melted. Therefore, all the solid material silicon 20 
contained in the crucible body 11 and the material 
holder 12 is melted as shown in Figure 2 and is then 
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contained in only the crucible body 11, so that an upper 
surface of the melted material silicon 20 is close to the 
upper portion of the crucible body 11. 

5 Thereafter, the melted material silicon 20 is 

cooled along with the crucible body 11 for about 15 hours , 
whereby the melted material silicon 20 in the crucible 
body 11 is coagulated. Thus, a polycrystal silicon 

L_ _ 

i; =; ingot 21 is obtained. 

■I io . 

'H; As described above, the solid material silicon 20 

r 3 

f 

^ is loaded into not only the crucible bodyll but also the 

material holder 12 provided on the crucible body 11. A 

* * 

.. — 

j* 1 larger amount of the material silicon 20 can be loaded 

^3= 15 into the crucible body 11 than when the solid material 

silicon 20 is contained in only the crucible body 11. 
The capacity of the crucible body 11 is designed so that 
when material silicon loaded into the crucible body 11 
and the material holder 12 is melted, all the melted 
20 material silicon is contained in the crucible body 11. 

Therefore, substantially the entirety of the melted 
material silicon is contained in the crucible body 11, 
whereby the polycrystal silicon ingot 21 coagulated in 
the crucible body 11 is in the shape of a rectangular 
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parallelepiped having a great height. 


As described above. When about 290 kg of material 
silicon is loaded into the crucible 10, a polycrystal 
5 silicon ingot having a height of 28 cm is obtained in the 
crucible body 11 having an inner dimension of 70 cm, a 
thickness of 1.5 cm, and a height of 30 cm. 
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The melted material silicon 20 expands when it is 
10 coagulated. In this case, a great stress acts on the 
crucible body 11. When the crucible body 11 made of 

baked silica is subjected to a high temperature of 1420°C 
which is the melting point of silicon, since silica is 
crystallized, the strength of the crucible body 11 is 
15 reduced so that cracks are likely to occur in the crucible 
body 11. 


In contrast, the material holder 12 is detachable 
from the crucible body 11, and is made of a material 
20 different from that of the crucible body 11, such as baked 
graphite containing carbon. It is not likely that the 
material holder 12 is affected by expansion of the 
material silicon 20 when it is coagulated in the crucible 
body 11, whereby the material holder 12 is prevented from 
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being damaged. Therefore, even when cracks occur in the 
crucible body 11 and cause it to be unusable, only the 
crucible body 11 is replaced and the material holder 12 
can be repeatedly reused. This results in a cost saving 
5 since to obtain a similar sized ingot a smaller crucible 
than that conventionally implemented is used. Hence, 
only a smaller crucible needs replacing. 

Figure 3 is a cross-sectional view showing 
another example of the crucible 10 of the present 
invention. The crucible 10 comprises a crucible body 11 
similar to that of the crucible 10 shown in Figure 1, and 
a detachable material holder 12 which has a structure 
different front that of the material holder 12 shown in 
Figure 1. 

The material holder 12 is in the shape of a 
rectangular parallelepiped having inner and outer 
dimensions similar to those of the crucible body 11. An 
20 upper portion and a lower portion of the material 
holder 12 are open. The material holder 12 has a uniform 
thickness in a vertical direction except for a lower 
portion thereof. 
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A groove 12a is provided throughout a perimeter 
of the lower portion of the material holder 12, which 
fits the upper portion of the crucible body 11. When the 
groove 12a is fitted to the upper portion of the crucible 
5 body 11, the material holder 12 is concentrically held 
on the crucible body 11. 

Similar to the material holder 12 shown in 
Figure 1, the material holder 12 is made of graphite and 
has a predetermined shape. The material holder 12 is 
produced by coating an inner surface thereof with silicon 
nitride followed by baking. 

In the thus-constructed crucible 10, the 
crucible body 11 has dimensions similar to those of the 
crucible body 11 of the crucible 10 shown in Figure 1, 
and the material holder 12 has an inner dimension of 70 cm 
and an thickness of 1.5 cm, which are similar to those 
of the crucible body 11. A height of the material 
holder 12 is 22 cm, for example. 

Referring to Figure 3, when the thus-constructed 
crucible 10 is used to grow polycrystal silicon, the 
groove 12a provided at the lower portion of the material 
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holder 12 Is fitted to the upper portion of the crucible 
body 11 so that the material holder 12 is held on the 
crucible body 11. In this situation, solid material 
silicon 20 is loaded into the crucible body 11 and the 
5 material holder 12. When the crucible 10 has the 
above-described dimensions, about 250 kg of the solid 
material silicon 20 is loaded into the crucible body 11 
and the material holder 12. 

t 

10 In this situation, the entire crucible 10 is 

heated in a furnace at about 1420°C for about 4 hours, 
so that all the material silicon 20 contained in the 
crucible 10 is melted. Therefore, all the solid material 
silicon 20 contained in the crucible body 11 and the 

15 material holder 12 is melted as shown in Figure 4 and is 
then contained in only the crucible body 11, so that an 
upper surface of the melted material silicon 20 is close 
to the upper portion of the crucible body 11. 

20 Thereafter, the melted material silicon 20 is 

cooled for about 15 hours, whereby the melted material 
silicon 20 in the crucible body 11 is coagulated. Thus, 
a polycrystal silicon ingot 21 is obtained. 
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Similarly, the solid material silicon 20 is 
loaded into not only the crucible body 11 but also the 
material holder 12 provided on the crucible body 11. A 
larger amount of the material silicon 20 can be loaded 
into the crucible body 11 than when the solid material 
silicon 20 is loaded into only the crucible body 11. As 
a result, the resultant polycrystal silicon ingot 21 is 
in the shape of a rectangular parallelepiped having a 
great height (e.g., 24 cm). 

The strength of the crucible 10 is also reduced 
when the crucible body 11 made of baked silica is 
subjected to a high temperature,. so that cracks are likely 
to occur in the crucible 10. In contrast, the material 
holder 12 detachable from the crucible body 11 is not 
likely to be damaged. Therefore, even when the crucible 
body 11 becomes unusable, the material holder 12 can be 


Note that although in the crucible 10 shown in 
Figure 1, the lower portion of the truncated pyramid 
-shaped material holder 12 is inserted into the upper 
portion of the crucible body 11, a groove 12a may be 
provided at the lower portion of the material holder 12 
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throughout the perimeter thereof, which fits the upper 
portion of the crucible body 11. In this case, the 
material holder 12 is held on the crucible body 11 by 
fitting the groove 12a of the material holder 12 to the 
crucible body 11. 

As described above, in the crucible of the present 
invention, a material holder is provided on a crucible 
body so that material silicon can be held on material 
silicon loaded into the crucible body, whereby a large 
amount of melted material silicon can be contained in the 
crucible body and a large size polycrystal silicon ingot 
is obtained. Therefore, a large size polycrystal silicon 
ingot can be obtained by cast method. Further, the 
material holder is detachable from the crucible body, and 
is made of a material different from that of the crucible 
body which enhances the strength of the material holder. 
Therefore, even when the crucible body becomes unusable, 
the material holder can be repeatedly used, thereby 
improving the economy. 

Various other modifications will be apparent to 
and can be readily made by those skilled in the art without 
departing from the scope and spirit of this Invention. 



Accordingly, it is not intended that the scope of the 
claims appended hereto be limited to the description as 
set forth herein, but rather that the claims be broadly 
construed. 



